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THE CATALYTIC ACTION OF AI*** [ONS IN
~ REDUCTION-OXIDATION SYSTEMS™

. A Krause

‘Roczn ikl Chemll 28 {1954) 3=
(From Pollsh)

Al 1ons are pmccicauy Inactive in the reaction of the decomposition of Hz° and
in the reaction of the peroxidative oxidation of various oraanic substrates, In conjunction
with other micro-elements and sultable carrler substances, however, the activity of the
att lons my be strong and the specific actlon of this element 1s then Ilmportant.

o M s e E e oo M W o e M e e
A

The advantageous influence of attoas catalytic agent of gertaln organic reactions

has long been known.. The Friedel and Krafts reactions, inter alia, are good examples of
this, As 1s well known, the course of these reactlons depends upon the presence of AlCIS.
With regard n0<blofcatélyt1c systems, the action of AL*** tons was investigated first
of all by plant physiologists and soll experts [1]% According to the opinion of the experts,
a** 1ons even 1n very low concentrations, exert on the whole a harmful Influence on the
growth of many plants, especlally in an acid environment. It appears, however, that there
are exceptions to this rule, as is shown by the investigations of Znamienskl [2] who originally
observed the advantageous action of the element by accldent In a varlety of wheat ( Triticum
pseudohostianum). :

In"the reductlion-oxidation systems investigated 1n recent years in this Institute [5].
the Al + . ion behaves fundamentally in an 1nert manner. It does not decompose Hz"z or intervene
in reactlions for the removal of oxygen on oxldised substrates. Neverthsless, the fact does not
Justify the assertion that Al'”+ lons are altogether deprived of any influence on catalytlc
actions of this type. In the article "On the soclology of chemical elementa" [3. 4]. we have
endeavoured to explaln that 1t is Impossible to predict the catalytic properties of any element
or lon, as long as we do not know its position in the group of other elements, In the sphere of
which‘ t}}e ‘sald element, as a catalytic agent, may have an entirely different form from that
which It has as a separate individual. It had therefore to be assumed that in assoclation
with complex catalysts,. the Al+++ lon would be able to act as an inhibiting agent or as pramoter,
according to the-prevalling experimental conditions in relation to a given catalytic reaction
teking place with a suitable substrate. In fact, in the course of our investigations on
catalysls and catalysts, we found characceristic examples of complex catalysts exhibiting the
two-fold behaviour of a1** * tons 1n reduction-oxide tioh systems. . The results of these
investlgatlions are given in the following account. '

o AL*** JONS AS INHIBITING AGENT..

When Investigating the various syscems of camplex catalysts we had the opportunity of
repealedly confirming the fact that Al lons In many cases exerclse an inhibiting action in
the decomposicion of Hzoz at a temperature of 37°. . As catalyst supporters or carriers for

.- the Al et lons, we used the following complex gels which were prepared by careful mixing and
alr drying.

(1) Mixed gel of aluminium, chromlum and lron hydroxides precipitated at a temperature of
20° by additlon of a small amount of ammonta to an. aqueous solutlon containing AlCl +
, CrCl + Fa(No 3 in the atamic proportions Al:Cr:Fe = 1:13i.  The ‘Wwater content or
the alrhdrled gel was 44,4% HBO. C '

* For references, see end.
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(2)  Mixed géY 6f ‘copper + lemd:+ iran’ hydroxides of a light-brown colour, precipitated at a
temperature of 20° by sodium hydroxlde (free from coz) 1n stolchiometric proportions fram

a mixed aqueous solution of cu(Noz) + Pb(NO )2 + Fe(N z 10 the atamic preportions
Cuy; PhiFe = 11 1: 1. The air-dried zel contained about 21.8% H 0.
DA . .
! 't.’.t CEML AT i 'if": ) G

ECR 1 R .o
(3) Mixed gel of magnesium + conpar + iron nydroxipes ana.mgdéby precipinauon from an aqueous
solution of MgCl, + Quso . + FeCl ' (atomic’ pmportlons Mg CuiFe = 0.3:0.31) by adding
NaOH In small a.mouncs at. a cempera.ture or 20°, The alr-dried gel contalnec about 38.5%
H,0. PR :
2 SoneT

(4) Gel of cobalt ferrocyanlide prepared at.a temperature of zo“ fram- an aqueous solution of

Na {E‘e(m) 1+ Cu(NO )2 in stoichiometric proporr.xons, NH Cl being used as coagulant.

’me a1r~dr1ed preparation contalned about 2% 320. ‘

All the preparations 1 to 4 decomposed I-I,.,OP vigourously at a temperature of 37°, The

ion adsorbed on the surface of these catalysts was & paralysing agent in all the ékperiments,

somer.imes very agtive., In an experlmenr. of a mixed catalyst (6 mg) of copper, magnesium and iron
hydroxldes. the activity of the Al ions was still perceptible in a density of 108 g1in 204 ml
of }{20z soluuon. 1. e.. in, a -dilutlion of 1:200 millions, . The results of these experiments are’
shown in Tables 1, 2 a.nd =¥

In the course of these anesclgations, Wwe also found simple catalysts exhibiting
susceptibllity to the. polsoning action of attt fons. Aécording-to Wolski's:investigations [5].
the catalytic activlny of copper oxide (10 mg) undergoes a considerable diminution in the presence.
of 1 mg of antt, ‘The air-dried copper oxide contained 4.3% Hg0 and wes obtatned in the wet
method by preparmg a gel of Cu(OH)z in an alkaline solution (1 n NaOH). The results obtained are
shown in Table 4. -

Tl AI*** ON AS PROVOTER

In Dassms t% t.he action ot Al 1ons as an activavting agent, 1t must be stated that in
5ener-a.1 this element is found less rrequenr.ly in the role of promoter than as a innibitor.  When
Investigating the efficiency of different catalysts and carriers in reduction-oxidation systems
in the presence or certam substrates, we found that copper oxide, of which we have already spoken
is activated .by. Al . . when 1t 1s a matter of the oxidation of indigo~carmine by means of H292
(’mble 4). . :

: Nevertneleéé,' the a1**t may likewise be an activator in the reaction of the catalytic ’
decamposition of HOo A good example of this i the complex catalyst of a zel of copper-iren
rerrocyanide. investigated recently [6]. The efficlency of this catalyst 1s increased considera"bly
under the influence of Al "’. as 1s shown by the. flgures given in Table 5. We have mvesc.lgated
the so~called catalytlc mutation [7] the influence .of which 1s sufficlently clearly marksd. The
order in which the separate components of the catalyst are.added during its preparation is not
‘1maceria¢]v.. The most advantageous combination, as follows from Table 5 1s the following order:

Cuttt 4+ Fettt [FD(GN) ]-4 . Al"“’
0n the other hand, the order

[FB(CN)G]"‘" g Cu"f . Fottt ;Aluf'
was less advantageous.

. The agbove flgures show: that the Al* acted 1n these s\vscerlxs as an efficlent’ acclvacor.
especially in relatively high concencrations (1 =2 g and 1(')"3 g Al ). This action diseppeared
on reducing the .concentretion to 1075 g AL™** tn 200 m1 or Hp0pe :

It the complex catalyst investigated 1s used in the system HGOOH/HZOZ, there occurs an
intense acceleratlion of the oxldation reaction of .the formic acld at a temperature 0f37°, as
shown by our previous investigations [6] The addition of Al o 1ons was not without influence
in this case also, since 1t produced = it .1s-gfrue In different degrees = a slight inhibitcion of
the oxldation reactlon of formic acid, depending on the mutation employed (see above). on
comparing the flgures gZlven in Tables 5 and 6, one 1s struck above all by the fact that the
strongest Inhibiting action of r.he Al ++ lon in the peroxidatlive reactlion is found in the

combination of the catalyst (™ + re™* + [Fa(ay) 6]‘4 in comnectlon with whlch the 41** ton

* For Tables, see end.
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was the most efficlent catalytic promoter in the reactlion of the decomposition of Hgoz

(Table 5). Generally spesking, the position is similar to that obtaining in the case of the
catalyst Cu/Alm. although In the converse relation, since in these conditions, the Alm lon
was distingulshed as o peroxidative activator, being simultaneously & catalytic inhibltor.

The catalytic action of Al“”‘ jons In reductlon-oxldation systems is thus twofold
and to a high degree specific. Since a similar phenomenon -although not in such a striking
form ~ has been considered by us in the case of other lons (for ‘example Co”") {e], the
conjectur: arlses that a certain rule is {nvolved here, fram which there may also be exceptions.
Recently, Winowskl [9], when investigating Cd as a carrler, found that the Alm'ion also -
produced a diminution in the decomposition of H, and of the peroxidative oxidatlon of indig
carmine, "frw;l wihich it would be necessary to infer that, dug to the partial exchange of both
- components, & relatively durable (stable and inactive) complex compound (cadnium hydroxy-
aluminate or cadmium aluminate) is formed, resulting in the blocking of the active centres on
the surface of the cadmlum pxide:

4000 + 3 A1C, + 4 H,0 =73 OHCL, + CALAL(OH) ],

or 40do+ 2 ALCL =3 0dCL, + Cd(410,),
" .The structural formula of this cc'mpo{md ‘would be writ.wen as follows:

A=
Cd/O 0

No-dl = 0

Tt is unquestionable that copper oxide is also subje-cr. to such an exchange with Al*":
4Cuo+ 2 41C1, == 3 CuCl, + Cu(A10,) 5
Nevertheless, the structural (diagrarmatic) formula of copper hydroxy-aluminate or
copper aluminate must be given In a different way, distinguishing 1ts pecullar structure,
which would be expressed Dy an Increaged peroxldative sctivity of this compound, taking 1nto

account 1ts simultaneous Ilnactivity in the decomposition of Hzoz.

The structural formula

0- =4l = 0

N\

Cu
N _o-dl = 0

satisfles thls requirement, because as a result of the actlon of Hzoz only HOg4 radicals
will be the cause of the oxidation (dehydroaenauibn) of the organic substrate:

0- -4l = 0
cu<_ s $H0, = 2 ALOOK
-0-41 = 0

A
» QulOf), + 2 HO,
»
HOB + 1ndigo carmine ™ isatinosulphonic acld
)
+ HO;
Vs ” :
B+ 10, = 4,0+ HO, end s forth.
on the other hand, 1t does not seem that the structural formule
0- Al = O
cu r\//
0- =4l = 0
1s correct, since in the reaction with 2 ol the radlcals HO and Hozwould attack simultaneously,
of which especially the former may initlate an uninterrupted chain of reactions of the decsmposition

of Hzoz’ which would not be consistent with the passivity of the catalyst Cuo/Al"'" with regard
to the oxidation of hydrogen psroxide.
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TABIE 1

Inh{bltingaction of 41%** fons 1n the decomposition of H,0, at & temperature of 37°%
200 mL H,0, (sbout 0,3% + 1072 g A 1n 1 ml + carrfer I = aluniniun + chronium +
iron hydroxides or carrler II = cobalt ferrocyanide,

10 ml solution = ao ml Gl n mno4.

Tne | 0.1 gl 0.1 1 + 0.1 g 1| OdzIl 1073 a***!  Blank test
min, +1073g m** +107% m 't
ao—- 17.8 17.6 is& 168.2 17,6 | 16.2 | 17.6 | 168.2
30 17.0 17.1 15.2 15.7 . . . . 0
60 16.1 16.5 14.3 15.2 . . . .
120 12.0 15.0 12,5 13.9 . . . .
180 11.4 12.5 10.8 2.2 - . . .
240 9.3 10.8 9.0 11.3 . . . .
300 Ted 8.8 7.8 10.2 163 | 15,7 | 17.8 | 18.7
NOTE: The Al"" fons used in the form of aqueous solutions of A:l.(:l5 for carrier I
or .A.lz( 304)3 for carrler II.

TABLE 2

Inhibiting action of Al"'M lons in the decomposition of Hgoz at a temperature of 37°,

200 mL HDy (about 0.3%) + 1 ml atr (in the concentration as below}

copper + lead + lron hydroxides (5 mg).
10 m} solutlon = (35 ml (015 8 ) KMnO,r

+ carrier (c):

Time Alone (¢} {c) + {c) + (c) + Blenk test
nin, + 1078 mt] v 107% | + 1075 at
On 19.0 19.0 18.0 19.0 19.0
€0 15.3 16.0 15.9 15,1 .
120 10.3 14,5 13.0 10.8 .
240 444 11.5 6.8 4.8 .
300 2.1 10.0 4.5 2l 18.6
NOTE: The a1** tons used in the form of an agueous solutlon of A12(8)4)3.

Inhiditing action of a*t
Carrier {c):

+

TABLE 3

copper + magnesium + iron hydroxides (5 mg.

ions in the decompositlon of Hzoz at a temperature of 37°%
Further detalls as in

Table Z.

Tine Alone (c) + (c) + (¢) + {c) + (¢) ++++
nin. (c) +1073g mtt | w1074 attt | w1075ttt | 41070 ittt v0T7g a1
0= 18,3 18,3 18,3 18.3 18,3 18.3

& 14.8 1641 16.8 1544 15.2 1640
120 11,2 14.9 14.4 13.1 12.8 12.0
240 5.1 12.2 10.4 8.6 845 5.1
300 3.2 11.0 8:5 4.1 4.1 Bal

NOTE:

The A1+“ ions used in the form of an agueous solution of A12(804)3.
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TABIE 4

Catalyst Cub + Al+++ in the decomposition of Haoz (I}, in the peroxidative oxldation of
indtgo~carmine (II) at & temperature of 37°.

I. 10 mg cuo + 1 mg ottt

in 1 ml + 180 ml Hy0p (A3%): 10 ml solution = O, ml n KMO .
m. 1mgcuo + ¢ mg Y™ In 1ml + 30 nl Indigo-camine (= 10.8 mg ay) + 180 ml H0, (X 3B

The concentration of the dye given below in grams per litre was indlcated by colorimetry (Visomat).

Time I Time i1 ]
min. cup | cuo + | ar**t | Blenk | PP cuo o + | M| max
ate test att test
Gy~ | 19.7 | 19.7 19.7 | 197 0 0,080 0.080 0,080 | 0.060
18,0 | 10.4 18.8 | 19.7 15 0.055 0,044 0,053 | .
80 18.1 | 19.3 8.8 | 19,6 | 30 0,045 0,027 0.048 |
13.4 | 10.0 18,9 | 18.6 45 0.0%¢ | 0015 | 0042 | .
180 43 17.8 18.8 | 10.4 80 0,026 - 0.5 | 0.060

NOTE: The 41" tons were used in the form of &n aqueouns solution of AlC‘ls.

TABLE 6

Inhibiting influence of A1+H' jons (In the concentration as below in { ml) in the peroxldative
oxidation of formic acld at a temperature of 37° In the presence of the basic catalyst

(1) = [re(a g J™% + cu** re*** or (11) = cu™ + Fe™ 4 [Fe(aM) 174 (et Tevle 5) +

100 ml H 0, (2 0.6%) + 100 ml 0.1 n HCOOH.

10 ml of solution = ao ml 0.02 n NaQOH.

Time | 1 1+ | 1+ I+ I+ B0, +
-2 - -2 =2, | 42 R2
min. Without 10 g 10 “g 10 “g 10 g 10 8 HCOOH
att antt att att att attt without
catalyst

{blank test)

Gy~ 24.9 R4.9 24.9 24.9 248 24.8 24.8
40 17,8 16,3 18.0 17.8 18.5 . .
@0 8.8 9.7 8.0 6.2 11.7 . .

1% 2.8 87 4.1 3.2 6.8 . .

140 2.1 8.0 3.0 2.9 5.7 R4.4 24.3
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Catalytic mutation in the decomposition of H
order ?.mﬂozvmulp + 91& +

200 ml m&om X 3%).

TABLE 5

05 at & temperature of 37°.

Complex catalyst (I} prepared in the
rettt (lons per 1mgin 1ml) + ™ g 1 m (In the proportions given below) +

Catalyst (II) prepared in the order au*" + m.m+++ + ?ﬁa:muc» + .P._....I. 10 ml of solutlion =

All the agents were of maximum purity (Merck, pro anal,}.

QQ ml 0,1 n HK:OP.

Time | (1) (1)

n1n. S . Hpy
+ + + i + + + + + HO.?TM without
Without 1072 1073 1074 1075 | without 107 % 107% 107%4g 10™5g Il catalyst
E..I..v att tri,_. ...L.+++ ntt .5?2 EI& _E.tI ~.L++¢ EtI. {blanx test)

QO - 16.3 1643 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16,3 16.3 16.3

60 13.1 12.4 12,5 2.8 13.0 13.0 11.2 2.8 2.8 13.1 16.2 16.3
120 11.8 8.3 9.7 1.2 11.8 10.9 6.5 2.8 11.0 11.0 15.0 16.1
240 8.6 3.2 5.8 847 92 8.4 2.3 5.6 7.7 8.0 15.8 16.0
300 8.9 2.0 4.1 T2 8.8 7.3 1.1 3.9 B.1 6.8 15.7 15.8

NOTE: The above lons were used In the form of aqueous solutions of m»mwma CN) mu_w Cus0 4 m,onmv & .ﬁmamopv a0
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